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Abstract 
The equivalent static wind load model is used, which considers the randomness of average wind pressure and the 
random process of pulse wind pressure and the stochastic dynamic effect on structure. By introducing equivalent 
extreme-value event, the reliability of structure is simplified as series system of each failure mode and corresponding 
equivalent extreme variable quantity is proposed. Then, point estimate method is used to solve statistical moment of 
equivalent extreme variable quantity and according to the statistical moment information four order moment method 
is used to solve the system reliability index and system failure probability of the structure system. The research of 
1000 kV UHV SZT2 transmission tower system shows that the moment method is simple and efficient, can spread to 
apply in the reliability analysis of practical projects. 
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1. Introduction 
Nomenclature 
EHV extra high voltage  
UHV  ultra high voltage 
SZT shuang hui lu zhi xian ta(double circuits  tower) 
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In recent years, some important results on reliability of transmission tower were got, references[1-3] 
research on member reliability of  Chinese 500kV EHV and 1000kV UHV in wind load condition, these 
results were used in Chinese UHV tower design, the safe and steady running of Jingdongnan to Nanyang  
1000kV UHV transmission line demonstration  project proved those results. As we know, transmission 
tower is a complicated dimensional truss made up of thousands of pole members, especially to 1000kV 
UHV tower, the system reliability is an issue that is worth studying. This paper used four order moment 
method solved the structure system reliability index and failure probability. The calculating of 1000 kV 
UHV SZT2 transmission tower shows that moment method is feasible, it can spread to solve system 
reliability analysis of practical projects. 
2. Theory of system reliability calculation based on moment method 
2.1. Function and equivalent extreme-value event 
The structure system’s function of transmission tower can be expressed as follows 
SRZ −=                                                                                                                                            (1) 
 The variable loads of transmission tower including wind, ice, conductor or ground wire broken loads 
etc., for the sake of simplicity, only wind condition is concerned, So in design expressing formula could 
consider permanent load and wind load. 
Based on the theory of equivalent extreme-value event, 
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Here, S  is load effect, R  is structural resistance, iC  is parameter, iX  is random variable. 
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2.2. Point estimate method of statistical moment 
For single variable random function, the basal expressing of point estimate is, 
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By Rosenblatt method, common variable can be transformed to standard variable, ( )( )1X F y−= Φ ,  
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Here, xi is coordinate of calculation point i, and yi = 2 xi, Pi is weight modulus, and Pi=ωi/ π , m is 
the number of calculation point, ( )⋅Φ  is probability function of standard normal distributing, xj and ωj can 
lookup in maths manual [4]. 
For multi-variable random function,  
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Zhen, the four order center moment is, 
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2.3. The simple four moment method to calculate structure’s system reliability 
The basal expressing is [5], 
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Here, 3zα is departure coefficient,
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2.4. Random variable and probability distributing function 
For the right side of formula (1), R is structural resistance, for transmission tower R can be considered 
the yielding strength of main member generally. it is conform to logarithmic normal distributing, and the 
mean coefficient equal to 1.040, the  coefficient of variation equal to 0.066.  
For the left side of formula (1), because only wind case is concerned, S is the only random variable. 
Based on the equivalent static wind load model [6], the wind load probability distributing of design period 
T years is, 
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The mean coefficient and variation coefficient is, 
 (1 0.779 ln )seseT W seW T Wδ= + , seT seW Wσ σ=                                                                                                   (9) 
Here, seWδ is the variation coefficient of equivalent random static wind load seW . 
3. Calculation of wind load on1000kV SZT2 UHV transmission tower 
SZT2 UHV transmission tower is Chinese first 1000kV double circuits tower, the total height of SZT2 
tower is 93.4m, the weight of SZT2 is 132 ton, fig.1 is the key drawing of 1000kV SZT2 tower, fig.2 is 
the picture of practicality. Conform to References [7] and 1000kV temporary design regulate, 46 cases 
were selected to structural calculate in design, the design conditions of 1000kV SZT2 tower is as table 1. 
Table 1  Design parameters of SZT2 tower 
Design parameters Design conditions Design parameters Design conditions 
Design degrade of voltage 1000kV Design wind span 480m 
Design wind velocity 32m/s the type of conductor 8×LGJ-630/45 
Design ice thicknes 10mm the type of ground wire LBGJ-240-20AC,  
checking ice thicknes 20mm the type of OPGW OPGW-240 
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Fig. 1 (a) the key drawing of 1000kV SZT2 tower; (b) the picture of 1000kV SZT2 tower 
As the above see, wind case is the control condition, the design wind velocity is 32m/s, by mode 
analyses, we can get the deformed shape of first mode, second, and third mode as fig.2, the corresponding 
structural response periods are respectively 0.843, 0.828, 0.665. 
 
Fig. 2 (a)the deformed shape of first mode; (b) the deformed shape of second mode; (c) the deformed shape of third mode  
References [8] gives the experiential calculation formula，as follows 
HT )013.0~007.0(1 =                                                                                                                       (10) 
Based for formula (10), got the basic Self-vibrancy periods of SZT2 tower is(0.6538～1.2142)s, the 
result of finite mode analyses is in the range of code, lookup  in References [8], got mr =3.9, mΔ =0.342. 
From formula (8), got SZT2 tower’s wind load probability distributing of design period 50 years is, 
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By Rosenblatt method, it was transformed to equivalent random static wind load， 
1.491 ( ) ( ) 0.2465 ( ) ( ) ln[ ln ( )]s z s zw z z z z yμ μ μ μ= − − Φ                                                                                     (12) 
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According to design model, when calculating wind load, SZT2 tower were partitioned to 18 
subsections. We can get every subsection’s coefficient from design model, such as coefficient of wind 
pressure height zμ , coefficient of member shape Sμ , and the area of projective. So given the value of 
( )iyΦ ，from formula (12) we can calculate the value of wind load on tower’s key nodes, the finite model 
and load illustration as fig.3. 
      
Fig. 3 (a) the finite model of SZT2 tower; (b)the load illustration to SZT2 tower 
4. System reliability Calculation of  SZT2 UHV transmission tower 
4.1. Calculation of system reliability based on 5 points estimate method 
For formula (3), if m =5, called 5 points estimate method, lookup in References [5] got five integral 
nodes and weights as table 2, 
Table 2  Five integral nodes and weights 
m 1 2 3 4 5 
xi 0 0.958572465 -0.958572465 2.02018287 -2.02018287 
yi 0 1.36 -1.36 2.86 -2.86 
( )iyΦ  0.5 0.91309 0.08691 0.997882 0.002118 
ωi 0.945309 0.393619323 0.393619323 0.01995324 0.019953242 
Pi 0.53347 0.222133 0.222133 0.01126 0.01126 
Calculating the wind load  respectively as ( )iyΦ  in table 2, we can get 5 different kinds of load, by 
finite analyses, we can lookup the maximum stress of main member for each kind of load, as table 3.  
Table 3 The maximum compressive stress and its weight of SZT2 tower 
m 1 2 3 4 5 
   Si 186.3 234.6 155.25 327.75 131.1 
   Pi 0.533  0.222  0.222  0.011  0.011  
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For formula (5), zμ =167.6493, 2zM =1520.32, zσ =38.9913, 3zM =-33541, 4zM  =8745900 
For formula (7), 4M
β
=3.2055, 4fp =7×10-4 
4.2. Calculation of system reliability based on 7 points estimate method 
For formula (3), if m =7, called 7 points estimate method, same to 5 points estimate method, got the 
maximum compressive stress and weights of SZT2 tower as table 4. 
Table 4  Maximum compressive stress and weights of SZT2 tower 
m 1 2 3 4 5 6 7 
Si 186.3 227.8 158.7 289.8 138 407.1 120.75 
Pi 0.45726 0.240185 0.240185 0.030765 0.030765 0.000549 0.000549 
For formula (5), zμ =167.3299, 2zM  =1552.2, zσ  =39.398, 3zM  =-32059, 4zM =8617400, 
For formula (7), 4M
β
 =3.2639, 4fp =5×10-4. 
5. Conclusion 
Firstly calculate the structural system reliability of Chinese 1000 kV UHV SZT2 transmission tower 
based on four order moment method. Based on 5 points estimate method, got the system reliability index 
4Mβ is equal to 3.2055, the System failure probability 4fp is equal to 7×10-4. Based on 7 points estimate 
method, got 4M
β
is equal to 3.2639, 4fp is equal to  5×10-4. the calculation result is convergent, the 
moment method of system reliability proved simple and efficient, can spread to apply in the reliability 
analysis of practical projects. 
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